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Abstract
Background
Prolonged television viewing time, a marker of sedentary activity,
is independently associated with increased all-cause mortality;
however,  this  association  has  rarely  been  studied  in  African
Americans. The objective of our study was to examine the associ-
ation between television viewing time and mortality among Afric-
an Americans by using data from the Jackson Heart Study (JHS).
Methods
We studied 5,289 participants from the JHS study who reported
television viewing time (h/day) in the JHS baseline questionnaire
from 2000 through 2004.  Using multivariable Cox regression
models adjusted for age, sex, smoking, alcohol use, physical activ-
ity, nutrition, prevalent coronary heart disease, chronic kidney dis-
ease, diabetes, and hypertension, we computed hazard ratios to ex-
amine the association between television viewing time (≤2 h/day,
2–4 h/day, and ≥4 h/day) and mortality.
Results
Participants had a mean age of 55 years, and 64% were women.
After  a  median  follow-up  of  9.9  years  (interquartile  range,
9.0–10.7), 615 deaths occurred (data analysis conducted in 2017).
Hazard ratios for mortality were 1.08 (0.86–1.37) for television
time of 2 to 4 hours per day and 1.48 (95% CI: 1.19–1.83) for tele-
vision time of greater than or equal to 4 hours per day when com-
pared with those who watched television less than 2 hours per day
(P trend = .002). When we restricted analyses to those who per-
formed leisure-time activities, the hazard ratios for mortality were
1.10 (95% CI, 0.84–1.45) for television viewing of 2 to 4 hours
per day and 1.45 (95% CI, 1.13–1.86) for more than 4 hours per
day compared with the less than 2 hours per day.
Conclusion
Our findings suggest that greater television viewing time, even
among those who perform leisure-time physical activities, is asso-
ciated with increased all-cause mortality among African Ameri-
cans. Thus, it may serve as an indicator of a sedentary lifestyle
with potential for intervention.
Introduction
Television viewing time, as a marker of sitting time, is one of the
most prevalent sedentary behaviors in the United States. An estim-
ated 50% to 70% of Americans spend 6 or more hours sitting in a
day. In addition to these hours, 20% to 35% spend 4 hours or more
daily watching television (1). Recent evidence suggests that great-
er television viewing time and daily sitting time may be independ-
ently associated with adverse health outcomes, such as higher pre-
valence of diabetes, cardiovascular disease, and all-cause mortal-
ity, even after adjusting for physical activity and cardiovascular
risk factors (2–6). Although several studies reported the associ-
ation between physical activity and mortality, the independent ef-
fects of different types of sedentary behaviors have not been fully
described.
Most studies of the association between physical activity and mor-
tality included white participants only. However, patterns of phys-
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ical  activity  and sedentary  time may vary across  racial/ethnic
groups (6). For instance, in the REGARDS (REasons for Geo-
graphic and Racial Differences in Stroke) study, which included
African Americans from the stroke belt region, found that African
Americans had a 6% higher odds of prolonged sedentary time than
whites (7). To our knowledge, the association between television
viewing time and all-cause mortality among African Americans
has not been examined. For example, African Americans are more
likely to  develop diabetes  than non-Hispanic  whites  and have
higher rates of obesity than other racial/ethnic groups (8). If daily
television viewing time is associated with increased mortality and
morbidity (illness and disease) in this group independent of chron-
ic conditions or level of physical activity, targeted public health
interventions to address this issue could significantly affect qual-
ity of life and longevity. The objective of our study was to exam-
ine the association between television viewing time and mortality
among African American participants by using data from the Jack-
son Heart Study (JHS).
Methods
JHS is a longitudinal, population-based cohort study that began in
2000 of adults (n = 5,301) living in Hinds, Rankin, and Madison
counties in Jackson, Mississippi, who self-identified as African
American. The cohort includes men and women aged 21 to 94
years recruited from 4 sources: 31% were prior Jackson area parti-
cipants in the Atherosclerosis Risk in Communities (ARIC) study;
17% were randomly recruited from the aforementioned counties in
Jackson, Mississippi; 30% were volunteers who were identified as
representative of the African American population of Jackson on
the basis of their demographic characteristics; and 22% were fam-
ily members of JHS participants who were included for genetic
studies. The JHS study design and recruitment process have been
described  previously  (9–11).  JHS  participants  completed  a
baseline  clinical  examination and standardized questionnaires
from 2000 through 2004. Race/ethnicity was self-reported and
confirmed by using the ARIC Household Enumeration Form. Par-
ticipants were eligible for inclusion in our analysis if they com-
pleted a JHS baseline questionnaire and answered the questions
about television viewing time. Twelve participants had missing
data on time spent on television watching and were therefore ex-
cluded from our analysis, yielding a final cohort of 5,289 parti-
cipants. The JHS study was approved by the University of Missis-
sippi Medical Center Institutional Review Board. All participants
gave written informed consent to participate in the study.
Television-viewing time was self-reported and was assessed from
JHS standardized baseline questionnaires. Participants were asked
how often they watched television: less than 2 hours per day, 2 to
4 hours per day, or more than 4 hours per day. In addition, parti-
cipants  were  asked about  leisure  time physical  activities  with
questions to assess duration, frequency, consistency, and intensity
of physical activity in a validated questionnaire, described below
(12,13).
The outcome was all-cause mortality, which was assessed in JHS
by using death records from the Mississippi Department of Health
and the National Death Index. Covariates were demographic vari-
ables such as age (years) and sex (male/female) and behavioral
risk factors such as cigarette smoking, leisure time physical activ-
ity, and alcohol consumption. The baseline survey categorized ci-
garette  smoking  as  never  smoker,  former  smoker  or  current
smoker and asked participants “Have you smoked more than 400
cigarettes in your lifetime?” and “Do you now smoke cigarettes?”
to define current smoking. Alcohol consumption was estimated
from a food frequency questionnaire assessing serving sizes of
beer, wine, and liquor and frequency of consumption (14). Physic-
al activity was divided into groups in the JHS questionnaires ac-
cording to the American Heart Association (AHA) categories for
leisure time physical activity for adults: 1) poor, no leisure-time
physical activity; 2) intermediate, 1 to 149 minutes per week of
moderate physical activity or 1 to 74 minutes per week of vigor-
ous physical activity or 1 to 149 minutes per week of moderate
and vigorous physical activity; 3) ideal, 150 minutes per week or
more of moderate physical  activity or 75 minutes or more per
week of vigorous physical activity or 150 minutes per week of
moderate and physical vigorous activity (15). Physical activity
was assessed by the JHS physical activity survey, administered by
interview.  This  survey  included  information  on  active  living,
work,  home and  garden,  and  sport  and  exercise  indexes  (12).
Questionnaire responses were then validated in a subgroup of vo-
lunteer participants by using 24-hour accelerometer and pedomet-
er monitoring (13). Nutrition was defined according to AHA nutri-
tion categories, which are based on food components from the Di-
etary Approaches to Stop Hypertension (DASH) eating pattern:
(consuming ≥4.5 cups/d of fruits and vegetables, consuming ≥2
servings/wk of fish, consuming ≥3 servings/d of whole grains,
consuming no more than 36 oz/wk of sugar-sweetened beverages,
and consuming no more than 1,500 mg/d of sodium). The AHA
nutrition categories were 1) poor, adhering to 0–1 components; 2)
intermediate, adhering to 2–3 components; and 3) ideal, adhering
to 4–5 components (15).
Body mass index (BMI) was calculated as weight in kilograms di-
vided by height in meters squared. Participants were asked about
education level in the baseline questionnaire. We categorized edu-
cation as less than a high school diploma or a high school diploma
or higher education. Total cholesterol and high-density lipopro-
tein (HDL) cholesterol (mg/dL), defined as continuous variables,
were obtained from baseline assays that used standard techniques.
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Hypertension was defined as  having a  systolic  blood pressure
greater than or equal to 140 mm Hg, a diastolic blood pressure
greater than or equal to 90 mm Hg, taking antihypertensive medic-
ations within 2 weeks before the exam, or self-report of a hyper-
tension diagnosis. Type 2 diabetes was defined as a fasting blood
glucose level greater than or equal to 126 mg/dL, receiving gluc-
ose-lowering medications, or self-report of a diabetes diagnosis.
Renal function was assessed by using estimated glomerular filtra-
tion  rate  (eGFR,  mL/min/1.73  m2),  which  was  obtained  from
standard assays.
Television viewing time was categorized as less than 2 hours per
day, 2 to 4 hours per day, or more than 4 hours per day. We ex-
amined differences in baseline characteristics among categories of
television viewing time by using the ANOVA test for continuous
variables and the χ2 test for categorical variables. We used mul-
tivariable Cox proportional hazards models adjusted for baseline
behavioral  and health factors (smoking,  alcohol use,  nutrition,
physical activity, education, history of prevalent coronary heart
disease, chronic kidney disease, diabetes, and hypertension) and
computed hazard ratios (with 95% confidence intervals [CIs]) of
each group by using the group reporting less than 2 hours per day
of TV viewing as the reference category. A complete case analys-
is was performed on participants who had information on all cov-
ariates. Person-time of follow-up was calculated from the baseline
questionnaire data to the date of the event (death) or censoring
(loss to follow-up or the end of the study period), whichever oc-
curred first. Data analysis was conducted in 2017.
Covariates  in  the models  were chosen on the basis  of  a  priori
knowledge. Model 1 showed the crude association; model 2 adjus-
ted for age; model 3 adjusted for age and sex; and model 4 was the
multivariable model adjusted for age, sex, weekly physical activ-
ity, nutrition, alcohol use, and smoking. We did not include BMI,
diabetes, and hypertension in the model, because these would be
in the intermediate pathway from sedentary behavior to mortality.
We performed analyses stratified by level of physical activity to
determine whether the association between television watching
and mortality differed among those who exercised, on the basis of
previously described AHA physical activity categories. We also
conducted several sensitivity analyses to test the robustness of our
results excluding the following: those who died within the first 2
years of the start of the JHS study, those with a BMI less than or
equal to 18.5 kg/m2 or greater than or equal to 40 kg/m2, parti-
cipants with an eGFR less than 15 mL/min/1.73 m2,  and those
without a high school diploma. To test the proportional hazards as-
sumption, we tested the interaction between variable and log (per-
son-time), and no violations were found (P > .05). We performed
all analyses using SAS version 9.4 (SAS Institute, Inc), and used
an α level of 0.05 (16).
Results
The mean age of the 5,289 participants was 55 years, and 64%
were women. At baseline, 28.3% of participants watched televi-
sion less than 2 hours daily, 33.8% watched television for 2 to 4
hours daily and 37.9% watched television 4 hours or more daily
(Table 1). The group that watched television more than 4 hours a
day (n = 2,002) was slightly older, was less educated, had poorer
nutritional status, had a greater percentage of smokers, had higher
rates of diabetes, and had higher total cholesterol levels.
After  a  median  follow-up  of  10  years  (interquartile  range:
9.0–10.7), 615 deaths occurred. The Figure depicts the cumulative
incidence of mortality by television viewing time. In a multivari-
able Cox regression model adjusting for age, sex, smoking, alco-
hol use, physical activity, and nutrition, hazard ratios for mortality
were 1.48 (95% confidence interval [CI], 1.19–1.83) for televi-
sion viewing time equal to or greater than 4 hours per day and
1.08 (CI, 0.86–1.37) for television viewing time of 2 to 4 hours
per day when compared with those who watched television less
than 2 hours per day (P trend =.002) (Table 2). When we restric-
ted analyses to those who performed physical activities, the haz-
ard ratios for mortality were 1.45 (95% CI; SD, 1.13–1.86) for
television viewing of more than 4 hours per day and 1.10 (95% CI;
SD, 0.84–1.45) for 2 to 4 hours per day as compared with the ref-
erence category (<2 h/d) (Table 3). In sensitivity analysis the asso-
ciation persisted excluding those who died within the first 2 years,
excluding those with a BMI at or below 18.5 or at or above 40 kg/
m2,  eGFR  less  than  15  mL/min/1.73m2,  and  excluding  those
without a high school diploma (Table 3).
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Figure. The cumulative incidence of all-cause mortality in relationship to time
spent watching television. Data are from 5,289 participants in the Jackson
Heart Study (9–13), self-reported in baseline questionnaires administered
from 2000 through 2004.
 
Discussion
To our knowledge, this is the first study to describe the associ-
ation between television viewing time and all-cause mortality
among  African  American  men  and  women  in  the  continental
United States. Our study suggests that television-viewing time is
associated with mortality even among those who are obese or who
perform regular leisure-time physical activity. Prior studies con-
ducted in various populations found a similar association between
television viewing time and mortality (17–20). In the Australian
Diabetes, Obesity, and Lifestyle Study, which included 8,800 Aus-
tralian adults aged 25 years and older, the hazard ratio for mortal-
ity for each 1 hour increment in television viewing time per day
was 1.11 (95% CI; SD, 1.03–1.20) after 6.6 years of follow-up
(17). The Multiethnic Cohort Study consisted of men and women
from Hawaii and Los Angeles aged 45 to 75 years from 5 racial/
ethnic groups (18). At a follow-up time of 13.7 years, the hazard
ratio for all-cause mortality for African Americans (n = 7,252)
who sat (including television viewing) for more than 5 hours per
day compared with those who sat for less than 1 hour per day was
1.37 (SD, 1.14–1.66). This was after adjusting for age, education,
race/ethnicity,  smoking,  alcohol  consumption,  energy  intake,
physical  activity,  and history of  hypertension or  diabetes.  Al-
though the effect size in our study was in the same direction as
that in the Multiethnic Cohort Study, the hazard ratio in our popu-
lation was higher, perhaps because of differing lifestyle factors.
For instance, a substantial portion of the JHS participants con-
sumed a southern diet, which typically consists of high amounts of
sugars and saturated fats, and they may have had a more sedent-
ary lifestyle. Also, a significant percentage of JHS participants had
hypertension, which is a predisposing risk factor for cardiovascu-
lar  events  and  thus,  all-cause  mortality.  Similarly,  the  EPIC
(European Prospective Investigation of Cancer)–Norfolk study,
which included 25,633 residents of Norfolk, England, aged 45 to
79 years, reported a hazard ratio of mortality of 1.04 (95% CI; SD
1.01–1.09) for each 1-hour increase in television viewing time
after a mean follow-up of 9.5 years (19). After 6.6 years of follow-
up, the National Institutes of Health–American Association of Re-
tired People Diet and Health Study, a prospective cohort of adults
aged 50 to 71, found a 28% greater mortality risk (95% CI; SD
1.21–1.34) for those who watched television more than 5 hours
per day compared with those who watched for less than 3 hours
daily (20).
Contrary to these findings, a study conducted among 7,350 adults
aged 20 years or older who participated in the National Health and
Nutrition Examination Survey from 1999–2002, did not find a sig-
nificant association between mortality and television viewing or
video  game  or  computer  screen  time  (HR:  1.30;  95%  CI;
0.82–2.05) after approximately 5 years of follow-up and after ad-
justing for age, sociodemographic and behavioral factors, health
status, insurance coverage, and prevalent chronic conditions (21).
Several biological and behavioral mechanisms are postulated that
may explain how television viewing time, as a marker of sedent-
ary time, may affect mortality. Television viewing may be associ-
ated with increased consumption of snack foods, leading to in-
creased total calorie intake (22). Also, it may substitute for leisure
activity time and thus lead to reduced energy expenditure. This
would then predispose to the development of obesity, metabolic
syndrome, and cardiovascular disease. Cohort studies have found
that sedentary time is linked to blood glucose and lipid levels (23).
Preclinical studies have shown that sedentary time is associated
with  lipoprotein  lipase  activity,  a  protein  involved  in  plasma
triglyceride catabolism, HDL cholesterol, and other metabolic risk
factors (24). A study on vascular aging found that increasing tele-
vision viewing time directly correlated with an increase in peri-
pheral augmentation index, a marker of arterial stiffness (25).
Our study had limitations. Television viewing time was self-repor-
ted in questionnaires. This could have led to some misclassifica-
tion because of social desirability bias. Furthermore, it is assumed
that television viewing time is part of sitting time, thus constitut-
ing sedentary behavior. Physical activity has been validated with
accelerometer and pedometer data in JHS. Higher physical activ-
ity was associated with higher raw accelerometer and pedometer
counts with Spearman correlations of ρ = 0.24 and ρ = 0.32, re-
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spectively (26). Some people may report what they perceive is so-
cially acceptable for daily television viewing time rather than their
true television viewing time. As with other observational studies,
confounding resulting from unmeasured or unaccounted for vari-
ables cannot be excluded. It is plausible that those who spend less
time watching television may also have other healthy behaviors
that may be part of a group of behaviors inversely associated with
mortality. Conversely, those who spend more time watching tele-
vision may be less likely to engage in regular moderate-to-intense
physical activity or may be more likely to eat a less healthy diet,
making them more prone to disease (18). Reverse causation is a
concern, because those with chronic or debilitating health condi-
tions may spend more time sitting. However, we adjusted for par-
ticipants with baseline chronic conditions such as diabetes, hyper-
tension, coronary heart disease, and chronic kidney disease. We
also conducted several subgroup analyses such as excluding those
who died within the first 2 years of follow-up after baseline ques-
tionnaires, which did not change the findings. Given that our pop-
ulation consists of African Americans from Jackson, Mississippi,
who may have different dietary patterns and physical activity be-
haviors than African Americans from other regions; the results
may  not  be  entirely  generalizable  to  others.  However,  the
physiologic mechanisms of sedentary behavior and its impact on
mortality are not likely to differ across populations.
Our study also has several strengths. The JHS study is one of the
largest studies of heart health among African Americans in the
United States. Additional strengths include a prospective design,
adequate follow-up duration, a standardized ascertainment of the
exposure question and outcomes, and incorporation of detailed
lifestyle and behavioral factors in the analysis.
Our findings suggest that greater television viewing time is associ-
ated  with  a  higher  risk  of  all-cause  mortality  among  African
Americans, even after adjustment for leisure-time physical activit-
ies, and may serve as another measure of sedentary lifestyle for
potential public health interventions. Such interventions should
promote reducing sedentary time in addition to advocating for in-
creased physical activity among African Americans.
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Tables
Table 1. Baseline Characteristics of Participants (N = 5,289), the Jackson Heart Study, 2017a
Characteristics
Hours of television Viewing
<2 h/d, n = 1,498 2-4 h/d, n = 1,789 ≥4 h/d, n = 2,002
Age, mean (SD), y 53.8 (12.7) 54.9 (12.7) 57.0 (12.9)
Women 65.2 62.1 63.6
Body mass index, mean (SD), (kg/m2) 31.0 (6.6) 32.0 (7.4) 32.1 (7.6)
Education
Less than high school diploma 15.2 16.7 27.5
High school diploma or above 84.8 83.3 72.5
Alcohol consumption (yes) 46.9 46.4 44.6
AHA physical activity category
Poor health 42.7 46.7 56.6
Intermediate health 35.0 31.9 28.8
Ideal health 22.3 21.4 14.6
AHA nutrition category
Poor health 58.5 60.2 62.9
Intermediate health 40.3 38.8 36.4
Ideal health 1.20 1.06 0.65
Former or current smoker 27.4 30.3 38.1
Hypertension 51.8 55.6 61.1
Systolic blood pressure, mean (SD), (mm Hg) 126.2 (16.9) 127.2 (16.4) 128.7 (17.2)
Diastolic blood pressure, mean (SD), (mm Hg) 75.7 (8.4) 75.7 (8.5) 75.7 (9.2)
Coronary heart disease history 6.9 6.9 8.6
Chronic kidney disease history 4.5 4.6 6.0
Diabetes mellitus 18.8 21.2 24.7
HbA1c, mean (SD) 5.9 (1.2) 6.0 (1.3) 6.1 (1.4)
Total cholesterol, mean (SD) 196.9 (37.7) 198.9 (40.0) 201.5 (41.9)
HDL cholesterol, mean (SD) 52.5 (14.5) 51.2 (14.2) 51.8 (15.1)
Abbreviations: AHA, American Heart Association; HbA1c, hemoglobin A1c; HDL, high density lipoprotein.
a Values are shown as column percentages. A total of 5,301 participants completed a baseline clinical examination and questionnaire during 2000–2004. Of
these, 12 had missing data on TV watching. Other missing variables are as follows: education, 27; CHD history, 12; CKD history, 31; diabetes status, 73; hyperten-
sion, 14; AHA physical activity categorization, 12; AHA nutrition category, 12; smoking status, 18; alcohol status, 47; and occupational status, 13. Data for all vari-
ables included in the analysis were collected at the time of exam 1. Mean values are presented for continuous variables unless otherwise indicated.
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Table 2. Analysis of the Association Between Television Viewing Time and All-Cause Mortality, Participants (N = 5,289), the Jackson Heart Study, 2017
Variable
Frequency of Television Watching (h/d)a
<2 h/d 2-4 h/d ≥4 h/d P Valueb
Cases/total person-years 126/14,111 174/16,793 315/18,064 NA
Crude incidence/10,000 person-years 89.3 103.6 174.5 NA
Crude model 1 [Reference] 1.16 (0.93–1.46) 1.97 (1.60–2.42) <.001
Age adjusted model 1.06 (0.84–1.34) 1.61 (1.31–1.98) <.001
Age and sex adjusted model 1.07 (0.85–1.35) 1.61 (1.31–1.98) <.001
Multivariable model 1c 1.07 (0.85–1.35) 1.50 (1.22–1.85) <.001
Multivariable model 2d 1.08 (0.86–1.37) 1.48 (1.19–1.83) .002
Abbreviation: NA, not applicable.
a Values are hazard ratio (95% confidence interval) unless otherwise indicated.
b P values and hazard ratios were computed using Cox proportional hazard models
c Adjusted for age, sex, physical activity, nutrition, alcohol use and smoking.
d Adjusted for age, sex, physical activity, nutrition, alcohol use, smoking, education and history of prevalent coronary heart disease, chronic kidney disease, dia-
betes, and hypertension.
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Table 3. Subgroup Analysis of All-Cause Mortality According to Television Viewing Time, Participants (N = 5,289), the Jackson Heart Study, 2017
Variable
Television Viewing Time, Hazard Ratio (95% Confidence Interval
P Valuea<2 h/d 2-4 h/d ≥4 h/d
Excluding those who died in the first two years (n = 4,923)
Age and sex adjusted model 1 [Reference] 1.12 (0.88–1.42) 1.56 (1.25–1.93) <.001
Multivariable modelb 1.12 (0.88–1.44) 1.41 (1.13–1.76) .005
Excluding those with BMI ≤ 18.5 (n = 5,123)
Age and sex adjusted model 1 [Reference] 1.07 (.85–1.35) 1.59 (1.29–1.96) <.001
Multivariable modelb 1.08 (.85–1.37) 1.47 (1.18–1.82) .003
Excluding those with BMI ≥ 40 (n = 4,540)
Age and sex adjusted model 1 [Reference] 1.11 (.87–1.41) 1.60 (1.28–1.99) <.001
Multivariable modelb 1.13 (.88–1.45) 1.47 (1.17–1.85) .001
Excluding those with eGFR < 15 (n = 5,103)
Age and sex adjusted model 1 [Reference] 1.10 (.86–1.39) 1.68 (1.35–2.08) <.001
Multivariable modelb 1.09 (.86–1.39) 1.52 (1.23–1.89) <.001
Excluding those with low leisure physical activity (n = 3,519)
Age and sex adjusted model 1 [Reference] 1.08 (.83–1.41) 1.51 (1.19–1.92) .004
Multivariable modelb 1.10 (.84–1.45) 1.45 (1.13–1.86 .004
Excluding those without a high school diploma (n  =  3,175)
Age and sex adjusted model 1 [Reference] 1.09 (.77–1.54) 1.79 (1.30–2.47) .001
Multivariable modelb 1.01 (.71–1.45) 1.58 (1.13–2.19) .003
Abbreviations: AHA, American Heart Association; BMI, body mass index (kg/m2); eGFR, estimated glomerular filtration rate.
a P values and hazard ratios were computed using Cox proportional hazard models.
b The multivariable model was adjusted for age, sex, nutrition, alcohol use, and smoking. We excluded participants who had none to low levels of physical activity
according to the American Heart Association physical activity categories (15).
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